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Introduction {#sec006}
============

Vitamin D deficiency is common in the general population around the world \[[@pone.0141595.ref001]\]. More than one billion people were estimated to have an insufficient vitamin D status. As is known, only 5%-10% of vitamin D throughout the body is obtained from dietary intake, while more than 90% of vitamin D derives from cutaneous production \[[@pone.0141595.ref002]\]. Under the effect of ultraviolet-B irradiation, vitamin D precursor 7-dehydrocholesterol in the skin is converted into pre-vitamin D~3~, which then spontaneously isomerizes to vitamin D~3~ (cholecalciferol). Vitamin D~3~ is transported to the liver where it is converted into 25(OH)D \[[@pone.0141595.ref003]\]. Finally in the kidney, 25(OH)D is catalyzed by 1α-hydroxylase to transform into the active form, 1,25(OH)~2~D \[[@pone.0141595.ref004]\]. Vitamin D plays an important role in various physiological processes. Long-term of vitamin D deficiency, in addition to its well-known skeletal effects \[[@pone.0141595.ref005]\], not only influences the calcium and phosphorous absorption, but also increases risks of various chronic diseases, such as autoimmune diseases, asthma, cardiovascular diseases and infections \[[@pone.0141595.ref006]--[@pone.0141595.ref010]\]. It has been reported that the lack of vitamin D is associated with metabolic syndromes in children \[[@pone.0141595.ref011]--[@pone.0141595.ref012]\]. The recent finding claims that vitamin D deficiency is also in relation to depression indicating that vitamin D might be involved in regulating development of the neural system \[[@pone.0141595.ref013]--[@pone.0141595.ref014]\].

Rapid growth in childhood makes them in great demand of nutrients including vitamin D. Nevertheless, many studies have shown that the children population is at high risks of vitamin D deficiency \[[@pone.0141595.ref015]--[@pone.0141595.ref016]\]. A proper diet can not satisfy the daily vitamin D requirement as the amount of vitamin D in the natural foods is limited. Children spending less time on outdoor activities are likely to have a lower serum vitamin D level \[[@pone.0141595.ref017]\]. A number of studies have suggested that infants should receive a reasonable amount of vitamin D supplements after birth \[[@pone.0141595.ref018]--[@pone.0141595.ref019]\]. However, an agreement on the optimal serum vitamin D concentration for well-being has not been reached worldwide \[[@pone.0141595.ref020]--[@pone.0141595.ref021]\], and data relevant to vitamin D status of Chinese children from large population studies is scarce which leads to the lack of consensus and established guidelines for vitamin D supplementation in Chinese toddlers.

25(OH)D is relatively stable with a long half-life period in serum, thus it is widely used as a marker to evaluate the nutritional status of vitamin D \[[@pone.0141595.ref022]\]. Our previous study on maternal vitamin D status during the second trimester of pregnancy in Wuxi has found a high prevalence (78.7%) of vitamin D deficiency (\<50 nmol/L) \[[@pone.0141595.ref023]\]. Several studies have indicated a strong positive correlation between neonatal vitamin D status and maternal vitamin D during pregnancy \[[@pone.0141595.ref024]--[@pone.0141595.ref025]\]. Young children aged 1--3 y have obvious changes in diets and lifestyles compared with neonates. Our study aims to evaluate the vitamin D status by measuring serum 25(OH)D concentration in young children aged 1--3 y from a large population in Wuxi. Wuxi city is located in the south of Jiangsu province, a developed region in southeastern China with a subtropical monsoon climate, where the Han Chinese population has similar dietary habits. The Han Chinese constitute a majority (\>99.5%) of the population in the south of Jiangsu. Our study will provide information supporting vitamin D supplementation guidelines for toddlers in Jiangsu province and in the other regions of southeastern China.

Materials and Methods {#sec007}
=====================

Ethics statement {#sec008}
----------------

This study was a hospital-based cross-sectional study. Participants were recruited from the population of young children aged 1--3 y during their regular follow-up visit to Child health clinics of Wuxi Maternal and Child Health Hospital from January 2014 to January 2015. The guardians of these young children were informed about this research and its objectives, and written consent was obtained from them. This study was approved by the Medical Research Ethics Board of Wuxi Maternity and Child Health Hospital.

Sample collection and 25(OH)D assay {#sec009}
-----------------------------------

200μL of blood sample was collected by using a finger stick for each participant and placed directly into a 0.5mL microtube. Within 10 min after collection, specimens were centrifuged at 3500 rpm for 15 min. Serum samples were stored at -80°C until assay. Serum 25(OH)D concentrations of the participants were measured by using enzyme-linked immunosorbent assay following the manufacturer's instructions (IDS Ltd., Boldon Colliery, Tyne & Wear, UK). The inter-assay and intra-assay coefficients of variation were \<10%.

Statistical analysis {#sec010}
--------------------

Vitamin D status was categorized as deficient \[25(OH)D level \<50 nmol/L\], sufficient \[25(OH)D level 50--74.9 nmol/L\] and optimal \[25(OH)D level ≥75 nmol/L\] according to the Medical Research guidelines described previously \[[@pone.0141595.ref026]--[@pone.0141595.ref027]\]. The season for serum sample collection was classified as follows: spring (from March to May), summer (from June to August), autumn (from September to November), and winter (from December to February). Data was presented using median and 25th-75th percentile (p25-p75) values. All the statistical analysis was performed using the Statistical Package for the Social Sciences statistical software package version 20.0 (SPSS Inc, Chicago, Illinois, USA).The difference among continuous variables was assessed by Mann--Whitney U-test or Kruskal--Wallis test, and Chi Square test was used to assess the significance among categorical variables \[[@pone.0141595.ref023]\]. The difference was considered as statistically significant when P\<0.05. The binary logistic regression model which included age and season associated with vitamin D in the univariate analysis (P\<0.05) were used to determine the association between age and vitamin D deficiency after adjusting for confounders.

Results {#sec011}
=======

A population of 5,571 young children (2,903 boys and 2,668 girls) aged 1--3 y was recruited in this study. The frequency distribution of serum 25(OH)D concentration showed that most values were \> 50 nmol/L. The serum 25(OH)D level ranged from 20.6--132.9 nmol/L with a median value of 71.5 nmol/L ([Fig 1](#pone.0141595.g001){ref-type="fig"}). In the whole cohort, 16.1% of the subjects were found to be deficient of vitamin D (\<50 nmol/L), while 38.8% had a sufficient (50--74.9 nmol/L) vitamin D status. An optimal 25(OH)D concentration (≥75 nmol/L) was found in 45.1% of the population ([Fig 2](#pone.0141595.g002){ref-type="fig"}).

![Frequency distribution of the serum 25(OH)D concentration in 5,571 young children.\
The serum 25(OH)D level ranged from 20.6--132.9 nmol/L with a median value of 71.5 nmol/L and most values of 25(OH)D levels were more than 50 nmol/L.](pone.0141595.g001){#pone.0141595.g001}

![Proportion of different categories of the serum 25(OH)D level in the study population.\
Serum 25(OH)D levels were sectioned into four categories indicated by different color (\<30 nmol/L, 30--49.9 nmol/L, 50--74.9 nmol/L and ≥75 nmol/L). n indicated children number in each category.](pone.0141595.g002){#pone.0141595.g002}

The median 25(OH)D concentration in boys (n = 2,903) and in girls (n = 2,668) was 72.3 and 70.8 nmol/L, respectively. However, they did not differ significantly (P = 0.121) ([Table 1](#pone.0141595.t001){ref-type="table"}). The serum 25(OH)D level varied remarkably with the change in seasons, which was highest in summer (median: 74.4 nmol/L) and lowest in autumn (median: 69.0 nmol/L) ([Table 1](#pone.0141595.t001){ref-type="table"}, [Fig 3](#pone.0141595.g003){ref-type="fig"}). When the comparison was made between every two seasons, significant differences in the serum 25(OH)D level were found between spring and autumn (P\<0.001), summer and winter (P = 0.001), summer and autumn (P\<0.001), and between autumn and winter (P = 0.003). However, the difference in the serum concentration of 25(OH)D was not significant between spring and winter (P = 0.098) or between spring and summer (P = 0.076). Remarkable variation of the serum 25(OH)D level was found in different age groups (P\<0.001) ([Table 1](#pone.0141595.t001){ref-type="table"}). As the children grew older, the median serum 25(OH)D level was decreased ([Fig 4](#pone.0141595.g004){ref-type="fig"}).

![Comparison of the serum 25(OH)D concentration among young children in different seasons.\
The serum 25(OH)D level was highest in summer and lowest in autumn.](pone.0141595.g003){#pone.0141595.g003}

![Comparison of the serum 25(OH)D concentration among young children at different ages.\
As the children grew older, the median serum 25(OH)D level was decreased.](pone.0141595.g004){#pone.0141595.g004}

10.1371/journal.pone.0141595.t001

###### Comparison of serum 25(OH)D levels in 5,571 young children stratified by age, season or gender.

![](pone.0141595.t001){#pone.0141595.t001g}

  Group                                                                                                                                 N      Serum 25(OH)D (nmol/L)   
  ------------------------------------------------------------------------------------------------------------------------------------- ------ ------------------------ --------------
  **Age**                                                                                                                                                               
  1 y [^a^](#t001fn002){ref-type="table-fn"} ^,^ [^b^](#t001fn003){ref-type="table-fn"}                                                 3845   74.70                    56.40--94.25
  2 y [^a^](#t001fn002){ref-type="table-fn"} ^,^ [^c^](#t001fn004){ref-type="table-fn"}                                                 1266   67.60                    53.48--84.93
  3 y [^b^](#t001fn003){ref-type="table-fn"} ^,^ [^c^](#t001fn004){ref-type="table-fn"}                                                 460    61.00                    52.30--76.75
  **Season**                                                                                                                                                            
  Spring [^d^](#t001fn005){ref-type="table-fn"} ^,^ [^e^](#t001fn006){ref-type="table-fn"} ^,^ [^f^](#t001fn007){ref-type="table-fn"}   1256   71.6                     56.3--93.3
  Summer [^d^](#t001fn005){ref-type="table-fn"} ^,^ [^g^](#t001fn008){ref-type="table-fn"} ^,^ [^h^](#t001fn009){ref-type="table-fn"}   907    74.4                     58.7--93.3
  Autumn [^e^](#t001fn006){ref-type="table-fn"} ^,^ [^g^](#t001fn008){ref-type="table-fn"} ^,^ [^i^](#t001fn010){ref-type="table-fn"}   1471   69.0                     52.6--86.6
  Winter [^f^](#t001fn007){ref-type="table-fn"} ^,^ [^h^](#t001fn009){ref-type="table-fn"} ^,^ [^i^](#t001fn010){ref-type="table-fn"}   1937   71.4                     54.3--91.2
  **Gender**                                                                                                                                                            
  Boy [^j^](#t001fn011){ref-type="table-fn"}                                                                                            2903   72.3                     55.5--91.2
  Girl [^j^](#t001fn011){ref-type="table-fn"}                                                                                           2668   70.8                     54.7--90.3

Values of serum 25(OH)D levels were compared using Mann--Whitney U test.

^a^ significant difference between children aged 1y and aged 2y (P\<0.001).

^b^ Significant difference between children aged 1y and aged 3y (P\<0.001).

^c^ Significant difference between children aged 2y and aged 3y (P\<0.001).

^d^ No significant difference between spring and summer (P = 0.076).

^e^ Significant difference between spring and autumn (P\<0.001).

^f^ No significant difference between spring and winter (P = 0.098).

^g^ Significant difference between summer and autumn (P\<0.001).

^h^ Significant difference between summer and winter (P = 0.001).

^i^ Significant difference between autumn and winter (P = 0.003).

^j^ No significant difference between boys and girls (P = 0.121).

There was also a significant difference in the vitamin D status of young children among various season and age groups (P\<0.001) but not between genders (P = 0.149) ([Table 2](#pone.0141595.t002){ref-type="table"}). The prevalence of optimal vitamin D (≥75 nmol/L) was highest in summer (49.1%) and lowest in autumn (41.4%), which was 45.9% in spring and 45.5% in winter, respectively. Similarly, the prevalence of vitamin D deficiency (\<50 nmol/L) also changed greatly in different seasons which was lowest in summer (12.1%) and highest in autumn (19.5%). Child age was also an important determinant of nutritional vitamin D status. As the children grew older, the prevalence of optimal vitamin D (≥75 nmol/L) was decreased which was 49.6%, 37.9% and 27.2% in children aged 1, 2 and 3, respectively. Meanwhile, the prevalence of vitamin D deficiency (\<50 nmol/L) was increased which was 15.2%, 17.8% and 18.7% in children aged 1, 2 and 3, respectively.

10.1371/journal.pone.0141595.t002

###### Categories of vitamin D status by age, season or gender (n = 5,571).

![](pone.0141595.t002){#pone.0141595.t002g}

                      Vitamin D Status                                               
  ------------ ------ ------------------ ------------- -------------- -------------- ---------
  **Age**                                                                            \<0.001
  1 y          3845   34 (0.9%)          551 (14.3%)   1354 (35.2%)   1906 (49.6%)   
  2 y          1266   5 (0.4%)           220 (17.4%)   561 (44.3%)    480 (37.9%)    
  3 y          460    0 (0%)             86 (18.7%)    249 (54.1%)    125 (27.2%)    
  **Season**                                                                         \<0.001
  Spring       1256   2 (0.2%)           159 (12.7%)   519 (41.3%)    576 (45.9%)    
  Summer       907    4 (0.4%)           106 (11.7%)   352 (38.8%)    445 (49.1%)    
  Autumn       1471   17 (1.2%)          269 (18.3%)   576 (39.1%)    609 (41.4%)    
  Winter       1937   16 (0.8%)          323 (16.7%)   717 (37.0%)    881 (45.5%)    
  **Gender**                                                                         0.149
  Boy          2903   23 (0.8%)          419 (14.4%)   1127 (38.8%)   1334 (46.0%)   
  Girl         2668   16 (0.6%)          438 (16.4%)   1037 (38.9%)   1177 (44.1%)   

^a^ N, the total number of children in each group.

^b^ Within each group, Vitamin D status was presented as the number (percent) of young children in different categories.

^c^ Values were compared using the Chi Square (χ^2^) test. P\<0.001 indicated that the difference in the prevalence of diverse vitamin D status among different age or season groups was significant.

Seasonal variation of the prevalence of vitamin D deficiency (\<50 nmol/L) was found to be diverse among children of different ages ([Fig 5](#pone.0141595.g005){ref-type="fig"}). For the group of children aged 1 or 3, the prevalence of vitamin D deficiency was highest in autumn (18.3% or 27.0%) and lowest in summer (9.9% or 13.0%), respectively, while it was highest in winter (21.3%) and lowest in spring (11.0%) for children aged 2.

![Comparison of the prevalence of vitamin D deficiency in young children by age and season.\
Vitamin D deficiency was defined as a serum 25(OH)D level of \<50 nmol/L. All the children were stratified by age into three subgroups (aged 1, 2 and 3). In each subgroup, the subjects were further stratified by season of serum collection. The prevalence of vitamin D deficiency in each season was calculated separately within each age group.](pone.0141595.g005){#pone.0141595.g005}

It was indicated by binary logistic regression analysis that season (P\<0.001) and age (P = 0.009) were associated with the risk of vitamin D deficiency in children aged 1--3. After controlling for seasons, the risk of vitamin D deficiency was increased as children grew older (adjusted OR: 1.173; 95%CI: 1.053--1.308; P = 0.004).

Discussion {#sec012}
==========

Our study investigated the nutritional vitamin D status of young children aged 1--3 y from a large population in Wuxi. The prevalence of vitamin D deficiency (\<50 nmol/L) was 16.1%, and 54.9% of the toddlers had a serum 25(OH)D level less than 75 nmol/L. Geographic characteristics and household socioeconomic background are important determinants of vitamin D status \[[@pone.0141595.ref017]\]. The distribution of vitamin D status varies in different regions according to the duration of sunlight exposure. Dietary intakes of vitamin D are influenced by dietary habits in the population of different regions. Wuxi (31.57°N) is located within an economic developed region in the southeastern China and children here might have relatively high intakes of fish, milk and dairy products rich in vitamin D. An investigation conducted in Hangzhou (30.3°N), a city also located in southeastern China approximately 210 kilometers from Wuxi, showed that the prevalence of serum 25(OH)D \<50 nmol/L was 21.9% among children aged 2--5 y (n = 1221) \[[@pone.0141595.ref015]\]. A large population-based study of young children aged 1--3 y (n = 1979) in Guangzhou (23.1°N), southern China, reported that 19.2% of the subjects had a serum 25(OH)D level of \<50 nmol/L \[[@pone.0141595.ref028]\]. Both of the two studies presented a similar prevalence of vitamin D deficiency (\<50 nmol/L) as ours. In view of the potential difference in dietary habits and sunshine duration, our result might at least represent the vitamin D status for the young children population aged 1--3 y in the developed regions in southeastern China.

Another survey on vitamin D status among infants aged 6--23 months in Alaska USA, where more than 50% of the general population lives at a latitude \>58°N, found that 11% and 20% of the subjects had a 25(OH)D level of less than 32.5 nmol/L and of 32.5--62.5 nmol/L, respectively \[[@pone.0141595.ref029]\]. The other investigation in rural Nepal (27.39°N) reported that vitamin D status in 91.1% of the young children aged 12--60 months was deficient \[[@pone.0141595.ref030]\]. All these studies suggest that the nutritional vitamin D status in young children of different countries varies markedly. Genetic variants related to vitamin D synthesis and bioavailability by ethnics might account for the vitamin D level diversity \[[@pone.0141595.ref031]--[@pone.0141595.ref032]\]. Investigations on the vitamin D status of Chinese children from different ethnic groups will be indispensible and urgent as China is a multi-ethnic country \[[@pone.0141595.ref033]\].

We did not observe any significant difference in serum 25(OH)D concentration between boys and girls among our population. In line with many studies on vitamin D status of pre-school children and school-age children, our study also found that the vitamin D level of young children was decreased and the risk of vitamin D deficiency was increased while they grew older \[[@pone.0141595.ref006],[@pone.0141595.ref007],[@pone.0141595.ref016],[@pone.0141595.ref034]\]. It implies that long-term assessment of vitamin D status and vitamin D supplementation should be an important part of the clinical follow-up and healthconscious behaviors for young children. Generally speaking, the diet of Chinese children particularly at the age of 1--3 y changes gradually from breast milk and infant formula fortified with vitamin D supplementation to natural foods, while their lifestyles such as sedentary behavior also changes and they would like to spend more time on outdoor activities. In addition to seasons and racial profiles, diet and ultraviolet-B skin exposure are important environmental factors correlated with nutritional vitamin D status in young children of different ages.

Several strengths of this study include that it is a cross-sectional study with a large population representative of young children aged 1--3 y in Wuxi. Our study also has potential limitations and thus should be considered with caution. In this study, anthropometric measurements and sociodemographic characteristics of the participants were not collected. This hospital-based cross-sectional study prevents us to rule out bias and to obtain detailed information for their lifestyle factors and dietary structure which might have a key effect on nutritional vitamin D status in young children. To the best of our knowledge, this study represents the largest sample size investigation of vitamin D status in Chinese toddlers.

In conclusion, this study evaluated the vitamin D status of 5,571 young children aged 1--3 y living in Wuxi, southeastern China and assessed its association with gender, season and age. We found a low prevalence of vitamin D deficiency in this population. Season and child age other than gender was associated with vitamin D levels. While the children grew older, the risk of vitamin D deficiency was increased implying a potential imbalance between nutritional intakes and requirements. Therefore it is suggested that long-term follow-up and vitamin D assessment should be a routine practice in pediatric clinics as a prophylactic means for vitamin D deficiency in young children.
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